Background: Prokinetics have been shown to improve intestinal bacterial overgrowth and dysmotility in cirrhotic patients. Antibiotics are suggested for high risk patients for prophylaxis of spontaneous bacterial peritonitis (SBP). However, limited studies have investigated the association of SBP and these medications. We examined the association of prokinetics or antibiotics use and the first episode of SBP development in patients with cirrhosis. Methods: We conducted a case-crossover study using the Taiwanese National Health Insurance Research Database from 2001 to 2010. A total of 129 cirrhotic patients with SBP were identified (defined as International Classification of Disease-Ninth Revision-CM codes: 571.xx for cirrhosis; 567.2, 567.8, and 567.9 for ascites; 789.5 for SBP). We investigated the short term (defined as 14-day period) effect of prokinetic agents or antibiotics use on SBP development using conditional logistic regressions with the adjustment of potential confounders. Results: The results suggested that prokinetic agents or antibiotics use during the 14 days before SBP were associated with an increased risk of SBP [adjusted odds ratio (OR) ¼ 3.2, 95% confidence interval (CI): 1.02e10.04 for prokinetic agents; and adjusted OR ¼ 2.95, 95% CI: 1.05e5.23 for antibiotics]. In dose analysis, the use of prokinetic agents more than 0.5 defined daily dose was more commonly found in the case period without a statistical difference (adjusted OR ¼ 3.637; 95% CI: 0.69e19.13).
Introduction
Spontaneous bacterial peritonitis (SBP) is the most frequent bacterial infection in cirrhotic patients and accounting for 10e30% of bacterial infection in hospitalized patients. 1, 2 In-hospital mortality of the first episode of SBP ranges from 10% to 50%. 3, 4 In patients who survive an episode of SBP, the cumulative recurrence rate at 1 year is approximately 70% 5 and the probability of survival at 1 year after an episode of SBP is 30e50%. Since the occurrence of SBP markedly worsens the prognosis in cirrhotic patients, numerous researches have studied the risk factors associated with the occurrence of SBP. In addition to the well established risk factors such as advanced liver dysfunction, 6, 7 gastrointestinal (GI) bleeding and low ascitic protein, 8, 9 medications may also affect the chances of developing SBP. The use of acid suppressive therapy including proton pump inhibitors (PPIs) or H2 receptor antagonist (H2RA) has been found to have a potential association with the occurrence of SBP. 10e12 In contrast, non-selective b-blockers may prevent SBP 13 through improvement in chemotaxis and killing capacity in experimental setting.
14 Prophylatic antibiotics, norfloxacin was suggested in patients who recover from an episode of SBP 15 and for high risk patients with low protein ascites and severe liver insufficiency or renal dysfunction 16 to reduce the incidence of primary SBP. However, the use of systemic antibiotics 30 days before SBP diagnosed has been found to be associated with the first episode of SBP caused by gram-positive bacteria, 17 and therefore, the benefit or risk of antibiotics use on SBP in patients without high risk requires further studies to evaluate.
Bacterial translocation (BT), which has been postulated to be the cause of SBP in cirrhosis, 18 is promoted by the presence of intestinal bacterial overgrowth (IBO) and disturbances in bowel motility. 19 Since both IBO and slow orocecal transit occur in cirrhotic patients, it is assumed that the administration of a prokinetic agent might decrease the incidence of IBO by normalizing the delayed small intestinal transit time, and thus reduce the risk of BT in these patients. Cisapride, a serotonin 5-HT4 receptor agonist and intestinal prokinetic drug, has been shown to decrease IBO and BT in experimental cirrhosis, 20, 21 and reverse altered small intestinal motility and IBO in cirrhotic patients, 22 but was abandoned due to cardiac side effects. Although prokinetic agent combined with antibiotics has been shown to decrease the incidence of SBP in high risk patients, 23 scant information exists on the protective effect of prokinetic agent alone on SBP. In this study, we performed a case crossover study to investigate the association of prokinetic agents or antibiotics with the risk of first SBP episode in cirrhotic patients with ascites by utilizing the National Health Insurance Research Database (NHIRD) in Taiwan.
Methods

Database
This study used the National Health Insurance Research Database, which consists of de-identified secondary data derived from the claims and registry data of the Taiwan National Health Insurance (NHI) Program. The Taiwan NHI program began in 1995 and enrolled 99.6% of the inhabitants of the country. Each year, the Taiwan National Health Research Institute (NHRI) collects and publishes the registry and claims data released by the NHI. This study used the cohort datasets containing all the claim and registry data of 1,000,000 randomly sampled beneficiaries who were alive during 2005. These random samples have been confirmed by the NHRI to be representative of population. All the data were de-identified by the National Health Research Institute before publication. This study was exempt from full review by the Institutional Review Board in Taipei Veterans General Hospital since all the data was de-identified and encrypted, and informed consent was waived.
Study population
From 2001 to 2010, we identified all patients admitted with both the diagnosis of ascites (567.2, 567.8, and 567.9 in ICD-9-CM code) and peritonitis (789.5 in ICD-9-CM code) from the cohort database who were 18e80 years in age and have previous diagnosis of liver cirrhosis (571.xx in ICD-9-CM code) at least two times in the outpatient claim data or 1 time in inpatient claim data. We excluded the patients with hepatic cellular carcinoma (155.xx in ICD-9-CM code), GI tract or peritoneal carcinoma (150.xxe154.xx, 156.xxe159.xx), malignant neoplasm of other specified sites (199.xx), inflammatory bowel disease (555.xxe556.xx). Patients with disease and procedures that may cause non-spontaneous bacterial peritonitis were also excluded. In this study, patients having diagnosis of hollow organ perforation (GI tract, biliary, urinary bladder) or vascular insufficiency of bowels or surgery for GI tract anastomosis before the first time admission with diagnosis of both ascites and peritonitis (index admission) were excluded. The actual dosage for the drugs given in the parenteral route is not acquirable in the cohort datasets and those patient using parenteral agents were discarded in case-cross over analyses.
Case-crossover design
The study used case-crossover design to examine the effects of prokinetic agents or antibiotics on the first episode of SBP development in cirrhotic patient. Individual patient serve as control of his or her own in this study. The case period is defined as 1e14 days before the index date. The control period is defined as 29e42 days before the index date, the 15e28 days interval are skipped to avoid carry-over effect. The odds ratio (OR) of SBP in the case period as compared to that in the control period can then be calculated.
Drug exposure
The main exposures of our study are prokinetic agents and antibiotics. According to anatomic therapeutic chemical (ATC) classification system, we identified drug types as alizapride, bromopride, cisapride, domperidone, metoclopramide, and mosapride for prokinetic agents; and A07AA in ATC classification system as antibiotics.
We selected drug types, dosage, route of administration, date of prescriptions, prescribed length of drug usage, and total amount of drug prescribed from the cohort datasets. We calculated drug usage by drug type as total numbers of defined daily dose (TDDD), total usage days (total prescribed length of drug usage in days), averaged daily DDD (ADDD, TDDD divided by the total usage day).
Covariates
We also identified the usage of drugs that may modify the risk of SBP including antifungal drugs (D01B), antimycobacterials (J04), antivirals (J05), PPI (A02BC), H2RA (A02BA), bblockers (C07), and antacids (A02A) of each patient from the cohort datasets. 
Comorbid conditions
We identified comorbidities for each patient when they had a specific diagnosis at two or more outpatient visits or at one or more inpatient admissions including ischemic heart disease (410.xxe414.xx in ICD-9-CM codes), stroke (430.xxe438.xx), diabetes mellitus (250.xx), atrial fibrillation (427.3x), chronic obstructive pulmonary disease (493.2x), hyponatremia (276.1), chronic renal failure (585), hepatic coma (572.2), variceal bleeding (456.0 and 456.20), peptic ulcer bleeding (531.0x, 531.4x, 532.0x, 532.2x, 532.4x, 533.0x, 533.2x, 533.4x), and previous abdominal surgeries. The Charlson comorbidity index was calculated for baseline comorbid condition severity and divided as having an index score of 0, 1e2, 3e4, and 5. 
Statistical analysis
Statistical analysis was performed with R 2.15.2 (R foundation for Statistical Computing, Vienna, Austria). Conditional logistic regression was used to calculate the OR. The OR of exposure of prokinetics agent or antibiotics between the case and control periods was expressed at 95% confidence intervals (CI), and a p value less than 0.05 was considered as significant. We adjusted the prokinetics, antibiotics, PPIs, H2RAs, b-blockers, GI tract bleeding, and infections for adjusted OR in multivariate analysis. We also performed a potential doseeresponse relationship study between SBP and prokinetic agents exposure by using average defined daily dose (ADDD) as a continuous variable in conditional logistic regression. Adjusted OR was calculated after adjusting comorbidities and covariates.
Sensitivity analyses were performed by (1) Comparing the different control period. (2) Since there are possible incubation period for the peritonitis, we also performed sensitivity test by using the interval at 15e28 days before index date as case period comparing with multiple respective control periods.
Results
Demographics
We identified 243 cirrhosis patients with ascites, aged 18e80 years, hospitalized for SBP from 2001 to 2010. After excluding those who met the exclusion criteria, a total of 129 patients were included in the final analysis (Fig. 1) . The demographics of enrolled patients were shown in Table 1 . There were 75% male with average age 54 ± 11 years. About 37% of the patients (n ¼ 48) had used prokinetic agents within 12 months of SBP (Table 2 ) and antibiotics were prescribed in 69% of the patients (n ¼ 90). PPIs, H2RA, antacids, bblockers and antiviral drugs were used in 33%, 42%, 54%, 28% and 6% of the patients, respectively.
Among patients who received antibiotics, 14 had episodes of infections and 57 had GI tract bleeding due to variceal or peptic ulcer hemorrhage. For patients who used antibiotics, there was no difference in demographics (including gender, age, cormobidities, encephalopathy, variceal bleeding, hyponatremia, and peptic ulcer bleeding) between patients with and those without infections (Supplementary Table 1) . 
Risk analysis
Prokinetic agents were more likely to be used in the case period than the control period with an OR of 1.38 (95% CI: 0.55e3.42, p ¼ 0.493) and antibiotics were also used more often in the case period (OR:1.67, 95% CI:0.88e3.16, p ¼ 0.118) ( Table 3) .
Multivariate analysis have shown that after adjusting medications, GI bleeding and infections, there was no significant difference in prokinetic agents or antibiotics use between the case period and control period. No single drug (prokinetics, antibiotics, PPIs, H2RA, b-blockers or antiviral drugs) or character was an independent risk factor for SBP (Table 3  and Supplementary Table 2 ).
Sensitivity analysis
However, in sensitivity analysis by using different control period intervals, antibiotics were used significantly more frequently in the case period than in the control period in using 43e56 days, and 57e70 days, with the adjusted OR being 2.31 (95% CI: 1.01e5.29, p ¼ 0.048) and 2.35 (95% CI: 1.05e5.23, p ¼ 0.037), respectively (Table 4) . Prokinetic agents were used more frequently in the case period of 1e14 days than in the control period of 57e70 days (adjusted OR ¼ 3.20, 95% CI: 1.02e10.04, p ¼ 0.046). The difference was not significant when comparing 1e14 days to 43e56 days.
When using 15e28 days as the case period, the prokinetic agents and antibiotics were still used more frequently in the case period, but did not reach statistical significant difference as compared with control periods. PPI, H2RA, or antacids use, GI tract bleeding and infection events showed variable odds ratio of more or less than 1.00 in the case period and control period, the difference was not significant.
Dose analysis
In dose analysis, the use of prokinetic agents more than 0.5 DDD is more commonly found as compared with those less than 0.5 DDD in the case period than control period in most of the interval settings (OR ¼ 0.15e3.664), no statistical difference ( p ¼ 0.127e0.992) can be found (Table 5 ). The impacts of TDDD and total usage days of prokinetic agents were also analyzed and the results showed that neither the TDDD or the total usage day was associated with the risk of SBP development (Supplementary Tables 3 and 4 ).
Discussion
This study demonstrated that short-term use of prokinetic agents or antibiotics was associated with an increased risk of first episode SBP development in cirrhotic patients with ascites. Prokinetic agents and antibiotics were more likely to be used in the case period than the control period in sensitivity analysis using different time widows. The effects of PPIs, H2RA, b-blockers or antiviral drugs administration on SBP could not be proved in our study.
Previous studies have investigated the effects of prokinetic agents on IBO in experimental cirrhosis and cirrhotic patients. 20e22 However, limited studies have conducted an evaluation of the effects on SBP of prokinetic agent use. Though the short-term use of cisapride for 1 week was found to decrease IBO in cirrhotic patients, 20 we found an association of an increased risk of SBP with prokinetic agents use in the present study. Besides, the use of prokinetics more than 0.5 DDD is more commonly found as compared with those less than 0.5 DDD in the case period in dose analysis. Several plausible factors might explain the observed finding. First, some patients have atypical symptoms of SBP instead of fever or abdominal pain, and 30% patients have ileus as the presentation at the time diagnosis of SBP. 26 Thus the usage of prokinetic agents would be biased toward case period, and the result would be biased toward non-difference, since the hypothesis of our study is that prokinetics are more commonly seen in the control period that case period. Second, in addition to IBO, there are other factors related to the development of SBP in cirrhotic patients including increased intestinal permeability and impaired immunity 18 those cannot be reversed by prokinetic agents. Third, it is known that underlying indications of prokinetic agents are those disorders related to reduced GI motility and the use of prokinetics may reflect GI dysmotility in enrolled patients. We have applied a case-crossover study design, which means each study subject serves as his/her own control and the bowel motility has low variability during the study period (1e70 days). However, it is likely that the observed increased risk of SBP might be still partially explained by potential confounding factors by reduced GI motility. In addition to prokinetic agents, we also analyzed the association between the uses of antibiotics and the risk of SBP. Notably, the use of antibiotics is associated with an increased risk of first episode of SBP development in our sensitivity analysis. Innate and adaptive immunity dysfunction is a major component of decompensated cirrhosis. 27 Bacterial infections are more common in cirrhotic patients compared to healthy controls and continue to be a leading cause of acute on chronic liver failure and mortality. 28 Liver-related complications including GI bleeding, hepatic encephalopathy, hypervolemic hyponatremia and acute kidney injury could be triggered by bacterial infections 29 and thus early diagnosis and initiation of antibiotic therapy is essential in cirrhotic patients with bacterial infections. As a result, patients with cirrhosis consume more antibiotics than the general population. In our study, 69% patients had taken antibiotics within 12 months of the first episode of SBP. The main indications of antibiotics prescription were infection and prophylaxis of GI bleeding. The use of antibiotics may reflect the higher frequency of bacterial infection and GI bleeding caused by impaired underlying immune status or poor liver function. Taken together, the associations between the prokinetic agents or antibiotics and the risk of SBP may result from the underlying GI dysmotility or impaired immune status in enrolled cirrhotic patients. Therefore, the prescription of prokinetic agents or antibiotics may be considered as a warning sign and the physician should pay more attention to those high risk patients for the occurrence of SBP.
The use of PPI has been proposed to facilitate IBO and thus to contribute to pathological BT. Besides, it has been suggested that acid-suppressive drugs may inhibit neutrophil function and natural killer cell activity based on experimental data. 30 Previous studies have found the association between PPI use or acid-suppressive therapy (including PPI and H2RA) and the development of SBP in cirrhotic patients with ascites.
10e12,31 In our study, cirrhotic patients with short-term PPI or antacid use had a higher risk of SBP, even though the results were not statistically significant. In addition, we did not find an increased risk of SBP in patients with H2RA use. Those findings may be related to the small sample size of enrolled patients. Therefore, physicians still should be careful in prescribing acid-suppressive drugs including PPI and H2RA in patients with cirrhosis and ascites.
Several limitations should be noted in this study. First, we acknowledge that a causal relationship between prokinetics or antibiotics use and the risk of SBP cannot be inferred based on an observational study, so a prospective study may be needed to further determine the causal relationship. Second, since this is the secondary database analysis, there may be coding error or under coding of covariate condition, which would result in misclassification; however, this issue is most like to occur in equal probability both in the case period and control period, thus the relationship between the case period and control period and the variables such as the odds ratio of comorbidities between case and control period were not be affected. Third, several potential confounding factors that might affect the risk of SBP development, such as ascetic protein level, severity of liver dysfunction and genetic risk factors, are not available in the NHIRD. However, since we used a case-crossover design in this study, these confounding factors were unlikely to have changed during such a relatively short study period.
In conclusion, we observed the association between shortterm prokinetic agents or antibiotics use and an increased risk of first episode SBP development in cirrhotic patients with ascites. The prescription of prokinetic agents or antibiotics may be considered as a warning sign and physicians need to closely monitor those patients for the occurrence of SBP. Future prospective studies are needed to assess the role of prokinetic agents or antibiotics in SBP development.
